Background: The septum pellucidum is a vertical double membrane, extending from the lower surface of the corpus callosum to the fornix. Cavum septi pellucidi (CSP) is a cavity formation between the two membranes that separate the septum pellucidum from the anterior horn of the lateral ventricle. Cavum vergae (CV) is the extension of the cavity between the two leaflets posterior to the splenium of the corpus callosum. In addition, another cystic variation, cavum velum interpositum (CVI), can be found at the level of crus fornices and corpus pineale. The aim of the present study was to retrospectively determine the type and prevalence of septum pellucidum variations in the adult population using Magnetic resonance imaging (MRI). Methods: Using a retrospective study design, the presence of septum pellucidum variations was investigated in 3128 patients aged 18 -80 years. The variations were defined as either CSP or CV on sagittal, axial, coronal T1-and T2-weighted images. In addition, the presence of CV and septum pellucidum agenesis was evaluated. Results: No variation was found in the septum pellucidum in 93.82% of cases. CSP was the most frequent variation with a prevalence of 3.7%. CV had a prevalence of 3.1%. Apart from these variations, CVI was observed in 1% of all cases. Conclusion: Embryological development of the septum pellucidum and the neighboring anatomical structures occurs simultaneously. The authors believe that the present study might serve as a preliminary study for other clinical studies related to these variations.
Introduction
The septum pellucidum is a vertical double membrane consisting of white matter, extending from the corpus callosum down to the fornix. The septum pellucidum is lined by ependymal cells on each surface, and it forms the medial border of the lateral ventricles together with the fornix. This structure, which is usually 1 -3 mm thick, contains septal nuclei. The septum pellucidum is a component of the limbic system and has an important role in the connections between the hypothalamus and hippocampus, amygdala, habenula, and reticular formation of the brain stem [1] [2] [3] .
The septum pellucidum must be evaluated together with the fornix and corpus callosum due to their anatomic contiguity and common embryological origins with respect to the prenatal diagnosis of brain malformations and clinical approaches [4] .
In the process of early fetal development, the growth of the cerebral hemispheres leads to the spring-like rapid expansion of the commissural bodies on the fine roof of the diencephalon in the interhemispheric cleft. Commissural bodies develop faster than the fornix in the caudal direction, and the splenium corporis callosi finally envelops the fornix. As the rostrum of the corporis callosi develops, it closes off the residual sulcus medianus telencephalic groove to form a closed pocket-like cavum septi pellucidi (CSP), which consists of an interhemispheric fissure between the corpus callosum and the fornix. In this period, the lamina terminalis appears as a thin structure, and a thicker lamina reuniens appears more prominent. The lateral walls of CSP develop from lamina reuniens. Its thick walls become thinner with the rapid development of the corpus callosum, fornix, and cerebral hemispheres. At the end of this process, CSP extends and stretches to form the septum pellucidum [4] - [9] . CSP becomes visible from the second trimester of pregnancy and obliterates between the 36 and 40 weeks of gestation. CSP is a well-known ultrasonographic landmark in the fetal period that can be observed in premature infants and in all fetuses. The fusion is sometimes completed by 3 -6 months after birth. It remains as a narrow potential cavity in the postnatal period. However, if fusion does not occur, a cavity called CSP is formed between the two leaflets of the septum pellucidum that separates the anterior horns of the lateral ventricles, which is not connected to the ventricular system. The septum pellucidum is a triangular membrane, and CSP is bounded anteriorly by the genu, superiorly by the anterior portion of the body of the corpus callosum, and inferiorly by the rostrum of the corpus callosum and anterior commissure. Examinations were performed using a 1. Retrospectively, the presence of septum pellucidum CSP, CV, and CVI in the sagittal, axial, and coronal sections of the brain on MR images was recorded [3] .
The patients with space-occupying intracranial lesions and hydrocephalus and the patients who underwent previous surgery in this area due to various reasons were excluded from the study. 
Results
The present study found no variation related to the septum pellucidum on the retrospective assessment of MRI scans of 93.82% of cases. This study was performed in the adult population, and no cases of absence of the septum pellucidum were identified among the 3128 cases evaluated. shown in Figure 2 . Accordingly, the difference between the prevalence of CSP and CV was not significant. Figure 3 shows the cases of coexistent CSP and CV account for 1.63% of all cases.
The patients were divided into four groups according to the age range as 18 -25, 26 -40, 41 -60, and 61 -80 years. When distribution of the patients according to the age range is evaluated, CSP was found to be more prevalent in the age group of 41 -60 years and less prevalent in the age group of 18 -25 years. Of patients with coexistent CSP and CV, 49% were in the age group of 41 -60 years (as demonstrated in Table 1 ).
In addition to these variations, CVI was observed in 1% of all cases. Table 2 demonstrates CVI was more prevalent in the age group of 61 -80 years.
Discussion
The development process of the septum pellucidum is synchronous with the development of limbic structures such as the corpus callosum, hippocampus, Open Access Library Journal amygdala, and septal nuclei, which are located adjacent to the septum pellucidum. Therefore, it was suggested that anatomical variations detected in the septum pellucidum reflect embryonic developmental disorders in these afore-mentioned anatomical structures, such that, during fetal development, expansion of the hippocampus and the corpus callosum pushes the leaflets of the septum pellucidum and allows the leaflets to obliterate from posterior to anterior. It is assumed Complete or partial agenesis of the septum pellucidum is observed in 2 -3 individuals per 100,000 in the population, and it is typically associated with other intracranial abnormalities [6] [8] [15] . Agenesis of the septum pellucidum occurs in association with various congenital brain anomalies such as holoprosencephaly, septooptic dysplasia, schizencephaly, and agenesis of the corpus callosum [16] . In the cases reported by Supprian et al., two cases had isolated absence of the septum pellucidum without accompanying abnormalities, and the fornices were located more inferiorly than their usual position [15] . In the present study, no cases of the absence of the septum pellucidum were identified among the 3128 cases evaluated.
In a retrospective study by Hsu et al. using cranial ultrasonographic images of neonates, 93.6% had normal findings or normal variations that are considered insignificant findings, while CSP was the most common variation observed in 62.1% of the nenoates, and CV was less commonly observed with a prevalence of 1.19%. They concluded that CSP obliterates in 85% of the cases at 3 -6 months after birth and could therefore be considered a normal variation in newborn population [17] .
The reported rates of CSP in healthy adults range from 0.1% to 85% [1] [3]
[18] [19] . The reason for this wide range was linked to the developments in imaging methods, more frequent use of imaging methods, and use of thinner slices in these imaging methods that allows detection of small-sized pathologies.
The prevalence of CSP in the present study was found to be 3.7%. Many papers have considered that CSP could be related to the development of psychiatric disorders such as schizophrenia [1] [5] [20] .
There is an insufficient number of studies on the prevalence of caval variations in healthy individuals; however, a prospective study conducted on a group of patients with neurological disorders reported that CV more commonly observed than CSP. There was no relationship between these anomalies and age of the patients [21] . The present study retrospectively evaluated MR images of the patients and did not consider clinical data in the comparison and therefore reported higher prevalence rates for CSP (3.7%) than for CV (3.1%).
Although CT scans revealed that the prevalence of CSP ranged from 0.15% to 28% in adult patients, the studies using MRI scans reported higher rates that ranged from 5.1% to 58.7%. The prevalence of CSP in cadavers was found to be 22.96% in all cases, while the prevalence rate was 10.61% in the asymptomatic group [1] . In the present study, MRI scans revealed that the prevalence of CSP was found to be 3.7%, which is lower than the reported prevalence rates.
In the study conducted on patients with schizophrenia, the prevalence of CSP was 23% in the patient group and 2% in the control group. It was concluded that [20] . In addition, the prevalence of coexistent CSP and CV was 0.12%.
In the study by Trzesniak et al. that evaluated the relationship between the first episode of psychosis and CSP, no significant difference was found between any CSP dimension and psychosis and control groups. However, they concluded that it was associated with the progression of the disease [10] . The prevalence of CSP was found to be 68.63% in the study by Filipovic B and Teofilovski Parapid, which was conducted on autopsy materials of patients with a neuropsychiatric disorder. The prevalence rate was 10.61% in the asymptomatic group. The overall prevalence rate was 22.96%. In addition, CSP dimensions were significantly longer and wider in the symptomatic group [1] . In the present study, the prevalence of CSP on MRI scans was 3.7%, a rate lower than that in the asymptomatic group. This suggests that cases remaining unrecognized by MRI scans could be detected during autopsy.
In the study by Silk et al., although there was no significant relationship between traumatic brain injury and CSP in pediatric patients compared to that in the control group, CSP was found to be wider in proportion to the degree of injury in the patient group [7] . In another study that evaluated traumatic brain injury and presence of CSP in adult patients, CSP was found to be significantly wider and longer in the patient group than that in the control group [19] .
In the study by Akinola et al. that evaluated CT scans of 217 patients with a neurological disorder older than 6 months, the prevalence rates for CV, CVI, and CSP were 39.6%, 24.4%, and 23%, respectively. Although caval variations were more frequent among patients with a neurological brain disease, they were less common compared to patients with acquired lesions, which are caused by congenital brain diseases. In their study, CV was the most prevalent and CSP was the least prevalent caval variation. Besides, CSP was the less frequent cava variation [21] . However, in the present study, CSP was observed more frequently than CV.
In the study by Riedl et al. that evaluated 68 patients with optic nerve hypoplasia, 30 patients had septum pellucidum anomaly accompanying septo-optic dysplasia, 22 patients had absent septum pellucidum, and 8 patients had partial absence of septum pellucidum. Findings related to the septum pellucidum and hypoplasia of the corpus callosum on MRI scans are observed in 43% of the patients, and these findings are equally distributed among septum pellucidum groups. Cortical malformations are frequently observed in patients without the septum pellucidum [14] .
Arachnoid cyst and meningioma are pathological anomalies originating from the velum interpositum. Arachnoid cysts of velum interpositum can be confused with CVI. The major characteristic of CVI is that it communicates with the quadrigeminal cistern. Another anomaly occurring in the velum interpositum and differentiating from the arachnoid cyst is that it originates from the quadrigeminal cistern [13] . Open Access Library Journal
The prevalence rates reported for septum pellucidum variations vary in a wide range in the literature. Embryological development of the septum pellucidum and the neighboring anatomical structures occurs simultaneously. Therefore, it can be argued that anatomical variations in the septum pellucidum might reflect possible embryonic developmental disorders in adjacent anatomical structures.
The authors believe that the present study might serve as a preliminary study for their future studies and other clinical studies related to these variations.
